INTRODUCTION
Exotic plants and animals may be introduced in ecosystems because of desirable qualities or by accident. Many introductions have caused great harm because of unpleasant characteristics which are realized only after introduction. Ironwood ( C a s u a r i n a e q u i s e t i f o l i a L.) is one such species. Introduced for shade and ornamental purposes in subtropical and tropical areas, this adaptable and quick growing tree has caused ecological changes which may limit its future introduction. Ironwood can be a pioneer species that colonizes nutrient depauperate soils, especially nitrogen poor areas, because of its nitrogen fixing capability (Aldrich and Blake, 1932) , Equally important is its ability to reproduce by several assexual modes in addition to sexual routes. These characteristics make this species a persistent management problem. This paper presents our observations of Ironwood ecology and this plant's relationships with native vegetation, seabirds, and man on Midway Atoll.
The Casuarinaceae is a distinctive family of trees and shrubs from dry or saline habitats of southeast Asia and the southwest Pacific. Ironwood branches have a characteristic weeping habit with peculiar jointed leaves in a whorled branching pattern. Male and female flowers are separate with the latter borne in dense spheroid heads near branch ends. Leaf size is reduced with photosynthetic tissues and stomata1 openings found in stem interrib spaces, probably an adaptation to prevent dessication, Surprisingly, little ecological, life history, or manageinformation is available on the Casuarinaceae, THE STUDY AREA Midway Atoll, located 2100km northwest of Honolulu, Hawaii, has been occupied by man since the early 1800's. Midway was a major link in the first trans-Pacific telegraphic cable system and has been a major U.S. n a v a l f a c i l i t y s i n c e 1939. Two i s l a n d s a r e found i n t h e s o u t h e a s t e r n a r e a of t h e e n c l o s e d a t o l l lagoon.
Sand, t h e l a r g e r i s l a n d ( F i g u r e 1 ) i s 2.9km by 1.9km, w i t h a n a r e a of 482 h e c t a r e s . I t h a s a maximum e l e v a t i o n of 13.lm. E a s t e r n I s l a n d , 1.5km e a s t of Sand i s 320 h e c t a r e s w i t h a n e l e v a t i o n of 10.4m.
B e f o r e human s e t t l e m e n t , Sand I s l a n d w a s a sandy expanse w i t h a n a t u r a l l y d e p a u p e r a t e v e g e t a t i o n .
S h o r e l i n e s and dunes were s t a b i l i z e d by t h e dune b i n d i n g complex i n c l u d i n g S c a e v o l a t a c c a d a and t h e p r o s t r a t e h e r b , Ipomoea i n d i c a . S h i f t i n g s a n d s were normal, e s p e c i a l l y i n c e n t r a l a r e a s of t h e i s l a n d s . S i n c e s e t t l e m e n t , beach e r o s i o n on Sand I s l a n d h a s been a n e x p e n s i v e problem which comp l i c a t e s maintenance of s h o r e l i n e s , b u i l d i n g s , docking f a c i l i t i e s and o t h e r m i l i t a r y s t r u c t u r e s . The c l i m a t e i s s u b t r o p i c a l w i t h a n a v e r a g e a n n u a l p r e c i p i t a t i o n of 10lcm. R a i n f a l l o c c u r s a n a v e r a g e 1 2 days a month; December t h r o u g h F e b r u a r y a r e t h e w e t t e s t months; March i s t h e d r i e s t . N o r t h e a s t e r n t r a d e s p r e v a i l from March through October w i t h s t r o n g e r w e s t e r l i e s from November t o F e b r u a r y . H i g h e s t mean monthly 0 t e m p e r a t u r e s approach 30 C. w h i l e May, J u n e and November t e m p e r a t u r e s 0 r a n g e from 21-27
C. (Woodward, 1 9 7 2 ) , Although no d a t a a r e a v a i l a b l e on e v a p o t r a n s p i r a t i o n r a t e s , t h e s e a r e c e r t a i n l y h i g h e s t d u r i n g warmest and w i n d i e s t p e r i o d s , I n 1903, t h e t e l e g r a p h company p l a n t e d Ironwood i n t h e n o r t h e r n windward a r e a s of Sand I s l a n d , Ironwood now c o v e r s much of t h e unpaved s u r f a c e of t h e i s l a n d , where i t o f t e n forms a t h i c k canopy o r t a n g l e of s a p l i n g s . Many o t h e r t r e e s and s h r u b s h a v e been i n t r o d u c e d , b u t , by f a r , Ironwood dominates t h e i s l a n d ecosystem, Some Ironwood i n d i v i d u a l s exceed a 25m h e i g h t and l m d i a m e t e r a t b r e a s t h e i g h t ( d . b . h . ) . Along t h e n o r t h e a s t s h o r e , t h i s t r e e forms a t h i c k canopy and l i t t e r t h a t may r e d u c e u n d e r s t o r y v e g e t a t i o n .
Ironwood s e l e c t s a g a i n s t b i r d s of open h a b i t a t s and f a v o r s t h o s e s p e c i e s a s s o c i a t e d w i t h f o r e s t e d a r e a s .
We t h a n k numerous F i s h and I.Jild!ife S e r v i c e personslel f o r p r o v i d i n g h e l p i n a r r a n g i n g our r e s e a r c h endeavors i n Midway, S p e c i a l t h a n k s t o D r . D e r r a l H e r b s t , M r , B r e n t G i e z e n t a n n e r and D r , William DeMichele f o r t h e i r h e l p i n v a r i o u s a s p e c t s o f n t a n u s c r i o t p r e p a r a t i o n and d a t a c o ll e c t i o n , U.S. Navy p e r s o n n e l , e s p e c i a l -l y CWO Donald R i c h a r d s o n , p r o v i d e d much f i e l d s u p p o r t .
METHODS AND MATERIALS
V e g e t a t i o n s t u d i e s were conducted F e b r u a r y 15-24, 1979 i n Sand I s l a n d . C a s u a l o b s e r v a t i o n s of E a s t e r n I s l a n d v e g e t a t i o n were made d u r i n g t h i s same t i m e . Beach v e g e t a t i o n dynamics were i n v e s t i g a t e d a l o n g r e p r e s e n t a t i v e beach e x p o s u r e s on Sand I s l a n d . We measured i n t e r c e p t s f o r each p l a n t s p e c i e s a l o n g 30, 2x25m t r a n s e c t s t h a t o r i g i n a t e d a t t h e seaward f o o t of t h e f o r e d u n e and went i n l a n d . Using t h i s method, r e l at i v e c o v e r f o r e a c h p l a n t s p e c i e s was summarized o v e r t h e n o r t h , west and s o u t h beach a r e a s of t h e i s l a n d . Ten t r a n s e c t s were e s t a b l i s h e d i n each of these exposures. Fruit and seed productivity estimates yere made for Ironwood. All newly fallen cones located in four 0.25m quadrats were used to estimate and measure fruit production. Seed production estimates were made by counting the number of pairs of woody bracts opened in the cones that had dropped seed.
A plant species list was generated for Sand Island (Appendix). Species of noteworthy status, those providing difficulty in identification, or of uncertain status, were collected and are maintained at the University of Illinois Herbarium, Urbana. Other species were listed as observed.
RESULTS
Ironwood has wind disseminated samaroid seeds approximating a measurement of 5mm x 2.5mm. Small Ironwoods (having a d.b.h. of 5cm or less and less than 2m in height) produced cones and seeds of identical size as larger older trees. Comparative germination and viability tests were not undertaken. However, Aldrich and Blake (1932) reported an average germination rate of 84% (n-437) for Ironwood seeds washed in mercuric chloride and water. They found seedling mortality to be Over a 15 month period, their control plants attained a height of 40cm compared to test plants innoculated with extracts from root nodules on wild Ironwood which grew to 140cm heights, Ironwood seedling densities along Sand Island runways suggest high germination and seedling success rates. Ironwood seedling density in one location exceeded 75 seed ings per square meter. Fruit production 3 estimates averaged 30 cones/m beneath the test trees (Table 1) and ranged from 21-38 cones. Seed production varied from 3,696 to 5,168 (;=4,602) seeds per meter square. Total estimated seed production for the test trees ranged from 109,880 to 258,400 and averaged 184,000 seeds per tree which assumes a single seed crop per year. 
d i s t r i b u t i o n t r e n d s h o l d i n t h e n o r t h and s o u t h b e a c h e s as w e l l , a l t h o u g h Bermuda Grass (Cynodon d a c t y l o n ) a l s o o c c u r r e d i n t h e f o r e d u n a l a r e a s . Along t h e w e s t and s o u t h b e a c h e s , T o u r n e f o r t i a
o c c u r r e d i n f r e q u e n t l y from t h e f o r e d u n e t o a t l e a s t 20m i n l a n d . Along t h e w e s t and n o r t h b e a c h e s S c a e v o l a w a s reduced t o a n u n d e r s t o r y l a y e r b e n e a t h a c l o s e d Ironwood canopy.
S c a e v o l a
and Ironwood e a c h a c c o u n t e d f o r n e a r l y 33% of a l l s p e c i e s i n t e r c e p t e d i n t h e t r a n s e c t s . Thus, o v e r 60% of a l l t h e p l a n t i n t e r c e p t s a l o n g t h e t r a n s e c t s r e s u l t e d from t h e s e s p e c i e s . The c o v e r i m p o r t a n c e of S c a e v o l a and b a r e ground dropped t o 24% e a c h , w h i l e Ironwood and Bermuda Grass v a l u e s were h i g h e s t i n t h e w e s t beach. Along t h e s o u t h b e a c h , Ironwood was less abundant t h a n S c a e v o l a o r b a r e ground and T o u r n e f o r t i a was n e a r l y as i m p o r t a n t a s Ironwood.
Most of t h e 1 2 3 p l a n t s p e c i e s we e n c o u n t e r e d on Sand I s l a n d were e x o t i c s . Of t h e s e , few were found i n t h e b e a c h a r e a s . Most o c c u r r e d o n l y where o r g a n i c s o i l s had been imported o r developed n e a r d w e l l i n g s , o r i n t h e shade of l a r g e r Casuarina (Neff and DuHont, 1955; Lamoureux, 1 9 6 1 ) . Ironwood s e e d l i n g s were p r e s e n t t
h r o u g h o u t , b u t o n l y i n a s s o c ia t i o n w i t h S c a e v o l a and T o u r n e f o r t i a when p r e s e n t i n t h e f o r e d u n e s . S e e d l i n g s were numerous b e h i n d t h e f o r e d u n e s a l o n g t h e n o r t h beach, b u t were n o t found i n d e p e n d e n t of t h e s e dune b i n d i n g s h r u b s e x c e p t i n a r e a s shaded d u r i n g most of t h e day, Black r a t ( R a t t u s r a t t u s ) damage t o n a t i v e s h r u b s was n o t q u a n t i f i e d .
However, we found s e v e r e damage t o S c a e v o l a e s p e c i a l l y i n l a n d of t h e f o r e d u n e where l a r g e r Ironwood were p r e s e n t a s canopy e l e m e n t s . Rat damage was found o n l y on S c a e v o l a . The r o d e n t s chewed s u c c u l e n t a p i c a l and l a t e r a l buds which reduced l a t e r a l and v e r t i c a l growth p o t e n t i a l s of S c a e v o l a . I n some p l a c e s , p a r t i c u l a r l y a l o n g t h e w e s t b e a c h , damage was s o s e v e r e t h a t we b e l i e v e S c a e v o l a i s c e r t a i n t o b e e l i m i n a t e d .
Along r h e v e g e t a o u n s u r v e y s , Laysan A l b a t r o s s n e s t d e n s i t i e s ( T a b l e 2 ) v a r i e d from 8 t o 89 n e s t s p e r a c r e , Black-footed A l b a t r o s s n e s t e d i n t h e w e s t and s o u t h b e a c h e s b u t no n e s t s were l o c a t e d a l o n g t h e n o r t h beach t r a n s e c t s , The A l b a t r o s s s p e c i e s seldom n e s t e d t o g e t h e r , B l a c k -f o o t s a s s o c i a t e d w i t h openings between S c a e v o l a c l o n e s ; Laysans n e s t e d w i t h i n t h i n n e d S c a e v o l a c l o n e s under Ironwood c a n o p i e s , o r where Ironwood s e e d l i n g s and s a p l i n g s grew i n t o a t h i c k b u s h -l i k e form,
DISCUSSION
The f o r e d u n e b e g i n s 50-75m from t h e h i g h t i d e a l o n g t h e n o r t h b e a c h , which was a c t i v e l y b u i l d i n g . T h i s b e a c h had d e n s e rounded c l o n e s of S c a e v o l a 0.5-1.8m i n h e i g h t , e s p e c i a l l y between t h e c r o s s runway and t h e e n l i s t e d men's beach. Immediately behind t h e f o r e d u n e were l a r g e Ironwood t h a t shaded t h e f o r e d u n e a t v a r i o u s t i m e s of t h e day and s e a s o n . Ironwood s e e d l i n g s were s c a t t e r e d t h r o u g h o u t t h e S c a e v o l a . However, few s e e d l i n g s were p r e s e n t u n d e r t h e l a r g e r Ironwood. I n l a n d of t h e Ironwood were numerous c u l t i v a t e d p l a n t s , e s p e c i a l l y i n y a r d s of abandoned h o u s e s . 
These i n c l u d e d t h e e x o t i c s Chinese Banyan ( F i c u s m i c r o c a r p a ) , P o i n s e t t i a (Euphorbia c y a t h o p h o r a )
, and Bermuda Grass.
The west beach was s e v e r e l y e r o d e d even though r i p -r a p had been p r e v i o u s l y i n s t a l l e d f o r p r e v e n t i o n . I n w i n t e r , n o r t h w e s t s t o r m s s u b j e c t t h i s beach t o e r o s i v e winds and waves t h a t d e v e l o p o v e r t h e 9.6km (6m) d i s t a n c e t o t h e f r i n g i n g r e e f . The t i d e -l i n e t o f o r e d u n e d i s t a n c e v a r i e d from 0-25m. F a l l e n Ironwood showed t h e o r i g i n a l s h o r e had been undermined and t h e beach zone l o s t . Based on comparisons w i t h t h e n o r t h and s o u t h b e a c h e s ( F i g u r e s 2A and ZC), 12-18m of beach and f o r e d u n e have been removed by e r o s i o n a l o n g t h i s beach.
S c a e v o l a i s overtopped by Ironwood a l o n g t h i s beach. S u r v i v i n g S c a e v o l a was i n v e r y poor cond i t i o n w i t h s e v e r e d i e b a c k and r a t damage e v i d e n t . Beneath h i g h d e n s i t y Ironwood s t a n d s , h e r b a c e o u s ground c o v e r was a b s e n t . I n some a r e a s , S c a e v o l a had r e c e n t l y d i e d back and few stems s u r v i v e d . Most s t e m s were l e a f l e s s and assumed a s h r i v e l e d -d e s i c c a t e d a p p e a r a n c e . Young Crown-beard ( V e r b e s i n a e n c e l o i d e s ) p l a n t s invaded dead and d y i n g S c a e v o l a c l o n e s , We have no i n f o r m a t i o n on t h e p e r s i s t e n c e of t h i s s p e c i e s under t h e Ironwood. S i n c e Crown-beard d i d n o t o c c u r i n exposed Eoredunes, i t may r e q u i r e a m e l i o r a t e d c o n d i t i o n s a s s o c i a t e d w i t h t h e l a r g e r Ironwoods t o e s t a b l i s h i n t h e dunes. The west p o i n t of Sand I s l a n d j u s t w e s t of t h e paved end of t h e main runway was dominated by l a r g e S c a e v o l a t h a t showed l i t t l e r a t damage, I n t h i s a r e a , no Ironwood s e e d l i n g s were found seaward of a few e s t ab l i s h e d Ironwood t r e e s 5-10 y e a r s of a g e l o c a t e d 80m i n l a n d from t h e t i d e l i n e .

Between t h e s o u t h beach and dump, S c a e v o l a d e c l i n e d and was l a r g e l y r e s t r i c t e d t o a n u n d e r c u t sand r i d g e w i t h a r e l i e f of 3-5m from t h e l e v e l of Waldron Blvd. t o t h e ocean. E r o s i o n abatement s t r u c t u r e s , i n c l u d i n g wood and s t e e l p i l i n g s , and cement b r e a k w a l l s , have been u t i l i z e d h e r e , However, most were washed o u t . P r e s e n t between t h e r i d g e and b o u l e v a r d were Ironwood, s e a g r a p e (Coccoloba u v i f e r a ) , Scaevola and T o u r n e f o r t i a , Large T o u r n e f o r t i a s h r u b s up t o 5m t a l l were p r e s e n t e a s t of t h e n a v a l f a c i l i t y b u i l d i n g s on t h e r i d g e , Ironwood s e e d l i n g s grew i n t h e S c a e v o l a , e s p e c i a l l y w i t h o l d e r Ironwood a l o n g t h e c r e s t of t h e r i d g e , To t h e e a s t , t h e r i d g e f l a t t e n e d ; S c a e v o l a and T o u r n e f o r t i a became l e s s abundant. I n t h i s a r e a , s c a t t e r e d Ironwoods were p r e s e n t i n and around s e v e r a l dune blowouts, Dense c o l o n i e s of Black-footed A l b a t r o s s n e s t e d i n t h e s e blowouts and a s s o c i a t e d s p a r s e l y v e g e t a t e d a r e a s . However, l i t t l e n e s t i n g o c c u r r e d on t h e beach below blowouts. Sweet Alyssum ( L o b u l a r i a m a r i t i m a ) was t h e most common ground c o v e r s p e c i e s i n and around blowouts.
T h i s p l a n t was e s p e c i a l l y l u s h where A l b a t r o s s d e f e c a t e d , o f t e n growing i n c i r c u l a r p a t t e r n s around t h e i r n e s t s . We found l e s s r a t damage on Scaevola h e r e t h a n a l o n g e i t h e r t h e west o r n o r t h b e a c h e s .
Beach v e g e t a t i o n dynamics on Sand I s l a n d r e s u l t from i n t e r a c t i o n s between n a t i v e p l a n t s , r a t s , t h e complement of i n t r o d u c e d s p e c i e s , and c o n t i n u i n g d i s t u r b a n c e by mankind. N a t i v e dune s h r u b s t o l e r a t e h i g h sand t e m p e r a t u r e s , s a l t s p r a y and p r e v a i l i n g windy c o n d i t i o n s . They grow well under these conditions for there is little competition, and unlike most introductions, they are able to compensate for sand burial by differential growth and adaptive growth forms fitted to wind, sand scour and dessication stresses.
Adaptations include waxy, succulent and pubescent-reflective foliage. Aerodynamic spheroid to prostrate growth forms such as thick, hemispherical shape of the S c a e v o l a and trailing Ipomoea are important adaptive features. Though adjusted to the environmental stresses of beaches and dunes, these plants seem to have a limited adaptive flexibility. Apparently, slight environmental changes can have serious impacts on these plants, probably due to their extreme specialization to a severe environment and relatively slow growth rates. Rat damage and Ironwood intrusion, singly or synergistically, stress S c a e v o l a , the key native species. S c a e v o l a is undoubtedly shade intolerant, growing best in exposed beach sites, with sparse T o u r n e f o r t i a or other shrubs. The establishment and growth of Ironwood in S c a e v o l a clones may eliminate this plant and the entire dune-shrub complex.
Micro-habitat changes that occur with Ironwood establishment and growth among dune binding shrubs need investigation, Factors affecting S c a e v o l a may include increased shading, relative humidity, and physical damage effects from branch and fruit fall from Ironwood, allelopathic effects and associated alterations to hydrology and nutrient availabilities may also occur. S c a e v o l a germination and seedling establishment may be hampered by thick and usually dry C a s u a r i n a litter. When these factors are coupled with differential rat feeding pressures on S c a e v o l a this becomes a rather complicated problem for controlled investigations.
S c a e v o l a clones are aerodynamically suited to tolerate high winds, sand scour and evaporative stresses. Ironwood was growing only in S c a e v o l a clones when in the beach areas which suggests that establishment is dependent on an altered micro-climate offered by S c a e v o l a clones, Following establishment in a clone, Ironwood seedlings apparently send long tap roots to ground water sources and rapid growth occurs. Lighter red colored infrared tones on photos (Ludwig, e t , a l , , 1979) suggest these Ironwoods are less productive and more waeer stressed than Ironwoods occurring more inland, However, Ironwood% colonization in S c a e v o l a occurs rapidly and is quickly followed by the establishment of other Ironwood seedlings. This invasion pattern may explain the even size (and possibly age) stands of Ironwood forming bands parallel to the beach, especially along the west beach.
It is plausible that S c a e v o l a , Tpomoea and other native plants could be eliminated from Midway. With high seed set, apparent fast growth and invasion rates, Ironwood is a major threat to the remaining native plants of Midway. If Ironwood invades the beach zones, severe erosion is likely to occur. Ironwood lacks the growth form and physiology to effectively stabilize the beach areas. Severe erosion problems already occur on the east shore of Eastern Island. Erosion control methods and strategies deserve careful attention at Midway. Rip-rap apparently f u n c t i o n s a s s h o r t -t e r m c o n t r o l of a long-term e r o s i o n problem. T h i s method i s l e s s e f f e c t i v e t h a n n a t u r a l v e g e t a t i o n e r o s i o n c o n t r o l , e s p e c i a l l y a g a i n s t a e o l i a n sand movements. N a t i v e dune b i n d i n g s h r u b management schemes, i n c l u d i n g means t o c o n t r o l Ironwood would be e s p e c i a l l y h e l p f u l f o r long-term e r o s i o n c o n t r o l ; c o n t r o l of t h e s e e x o t i c s may a l s o c o s t l e s s t h a n s t r u c t u r a l a l t e r n a t i v e s such a s p i l i n g s and r i p -r a p .
A w e l l thought-out c o n t r o l p l a n c a n a l s o b e n e f i t n e s t i n g s e a b i r d s .
Changes i n b i r d p o p u l a t i o n s t h a t o c c u r w i t h Ironwood e s t a b l i s h m e n t a r e i m p o r t a n t c o n s i d e r a t i o n s . Although F a i r y and Noddy T e r n s , and Laysan A l b a t r o s s b e n e f i t from i n c r e a s e d n e s t i n g h a b i t a t o f f e r e d by Ironwood, s p e c i e s s u c h a s t h e Red-footed Booby, F r i g a t e B i r d , and Blackf o o t e d A l b a t r o s s which u s e Scaevola and open a r e a s f o r n e s t i n g seem c e r t a i n t o s u f f e r h a b i t a t l o s s e s .
Comprehensive s t u d i e s on t h e management and c o n t r o l of Ironwood s h o u l d b e i n i t i a t e d . S u r p r i s i n g l y , l i t t l e i n f o r m a t i o n i s a v a i l a b l e on managing t h i s s p e c i e s , I t i s c l e a r t h a t c e r t a i n a r e a s on Midway a r e b e i n g damaged f o r c o n t i n u e d Navy u s e and a l t e r e d f o r o t h e r u s e s . The c r o s s runway i s b e i n g invaded r a p i d l y by Ironwood, The runway a p r o n s a r e a l m o s t c o m p l e t e l y invaded and r o o t -h e a v i n g of t h e pavement by Ironwood w i l l p r o b a b l y d e s t r o y t h e runway i n t h e 1 9 8 0 ' s . S i m i l a r problems a r e f a r more advanced on t h e E a s t e r n I s l a n d runways. C a t h a r a n t h u s r o s e u s (L.) G. Don Nerium o l e a n d e r L. P l u m e r i a sp. Lind .
Col o c a s i a e s c u l e n t a (2.) Schott D i e f f e n b a c h i a sp.
Monstera d e l i c i o s a
Liebm. 'Ena ' ena P l u c h e a n y m p h y t i f o l i a ( M i l l . ) G i l l i s F l e a b a n e Screwpine; H a l a PLANTAGINACEAE P l a n t a g o l a n c e o l a t a L. Narrow l e a v e d p l a n t a i n P . major L.
S o n c h u s 01 e r a c e u s L .
Sow t h i s t l e
Broad l e a v e d p l a n t a i n P OLY GONACEAE Coccol oba u v i f e r a L .
Sea g r a p e POLYPODIAGEAE
Microsorium s c o l o p e n d r i a (Burm.) Copel. Laua a e N e p h r o l e p i s h i r s u t u l a
( F o r s t , ) P r e s l , Sword f e r n PORTULACACEAE P o r t u l a c a o l e r a c e a L. P u r s l a n e 
URTI CACEAE P i l e a m i c r o p h y l l a (L.)
A r t i l l e r y p l a n t ; Liebm. Rockweed VERBENACEAE Lantana camara L. L a n t a n a V i t e x t r i f o l i a L.
P o l i n a l i n a ZINGIBERACEAE ~l p i n i a z e r u m b e t ( P e r s . 
